An assay based on reverse transcription coupled with the polymerase chain reaction (RT-PCR) 
INTRODUCTION
The genus Pestivirus has been classified in the family Flaviviridae (20) , and viruses belonging to this genus are recognised as being of great epizootic and economic importance. The genus comprises hog cholera virus (HCV), bovine virus diarrhoea virus (BVDV) and Border disease virus (BDV), which are closely related both antigenically and structurally. These viruses are small and enveloped, and the diameter of the virion ranges from 40 nm to 50 nm (12) . The genome consists of a single-stranded, non-polyadenylated, positively-polarised ribonucleic acid (RNA) (6) , and has a size of 12,280 nucleotides (HCV, Brescia strain) or 12,573 nucleotides (BVDV, NADL [National Animal Disease Laboratory, Ames, Iowa] strain) (3, 13) . The RNA of pestivirus codes for approximately 4,000 amino acids (4, 11) .
HCV -the causative virus of hog cholera (classical swine fever), one of the most dangerous infectious diseases of swine -is considered the most important of the pestiviruses, due to the economic losses caused to the pig industry by this disease. The ability of pestiviruses to cross species barriers (7), their close relationship, and the frequent occurrence of atypical forms of infection caused by HCV strains with mild or low virulence (12) complicate the diagnosis and make control of the disease difficult.
In recent years, significant progress has been made in research on pestiviruses. Complete nucleotide sequence data have recently been published for the NADL, Osloss and SD1 strains of BVDV, and the Alfort and Brescia strains of HCV (3, 5, 11, 13, 15) ; these have enabled studies to be conducted on new diagnostic methods at the genetic level, including the polymerase chain reaction (PCR) (16) . This method uses repeated cycles of reaction of target DNA with appropriate oligonucleotide primers and thermostable DNA polymerase. Twenty to thirty PCR cycles can produce an increase of at least 10 5 in the amount of a required sequence. The pestivirus genome is constructed of RNA, and the PCR must therefore be preceded by a reverse transcription (RT) reaction, to transcribe genetic information from RNA onto the complementary DNA. Several investigators have reported PCR-based diagnostic tests for BVDV and HCV (1, 8, 9, 10, 18, 19) . This report describes the application of RT-PCR for the detection of pestiviruses in supernatants of cell-line cultures.
MATERIAL AND METHODS

Virus strains
The following virus strains were used: -ten field isolates of HCV from outbreaks in Poland -the Brescia strain of HCV -the NADL and Oregon strains of BVDV.
HCV strains were grown for 72 h on pig kidney (PK)15 cells. BVDV strains were grown on Madin-Darby bovine kidney (MDBK) cells, until the cytopathic effect reached 80-90%.
Viral culture precipitation
Viral cultures were frozen and thawed three times, then centrifuged (15,000 x g for 10 min at 4°C), and supernatants were collected. Viral particles were precipitated overnight with 7% polyethylene glycol 20,000 at 4°C, centrifuged (15,000 x g for 1 h at 4°C) and suspended in double-distilled water. Suspensions were stored at -20°C (21).
RNA isolation
RNA was isolated by the modified Chomczynski method (2) . Viral suspension (150 µl) was shaken with 400 µl of 6 M guanidinium isothiocyanate and left for 10 min at room temperature. Then 220 µl of 5 M NaCl were added, followed by 10 min incubation on ice. After extraction with 300 µl chloroform and centrifugation (14,000 x g for 15 min), 600 µl of upper phase (water) were transferred to the new tube, and RNA was precipitated overnight with 360 µl of 96% ethanol at -20°C. RNA was collected by centrifugation (14,000 x g for 45 min), rinsed carefully with 70% ethanol, dried and suspended in double-distilled water. Suspensions were stored at -70°C.
Primers
Primers were synthesised using the phosphoroamidite method, followed by two highpressure liquid chromatography purification steps. Primers were designed by Boye et al. (1) , and their positions and sequences were as follows:
Both primers were designed to flank the region containing the junction between noncoding and coding sequences at the 5' end of the genome of the NADL strain of BVDV, one of the most conserved regions in all pestiviruses.
Reverse transcription
Reverse transcription was performed using thermostable enzyme recombinant Thermus thermophilus (rTth) DNA polymerase (14) . The activity of this enzyme depends on the presence of metal ions. In the presence of magnesium ions the enzyme has DNA-dependent DNA polymerase activity, whereas with manganese ions it exhibits RNA-dependent DNA polymerase (reverse transcriptase) activity. The enzymatic reaction was performed in a 0.65 ml tube by mixing together 2 µl of 10x reverse transcriptase buffer (100 mM tris-HC1, pH 8.3; 900 mM KCl), 2 µl of 10 mM MnCl 2 , 0.5 µl each of 10 mM solutions of dATP, dGTP, dCTP and dTTP, 2 µl of 15 µM aqueous solution of primer P3, and 2.5 units of rTth DNA polymerase. To this solution were added either 5 µl of RNA template (isolated as above) or 2 µl of crude viral precipitate. The reaction mixture was topped up with water to 20 µl. After incubation of the mixture for 10 min at 70°C under a layer of mineral oil, the reaction was stopped by transferring the tube to an ice bath.
Polymerase chain reaction
PCR was performed in the same tube after addition of 80 µl of a mixture containing 64 µl of water, 8 µl of 10x chelating buffer (50% glycerol, 100 mM KCl, 7.5 mM ethyleneglycoltetraacetic acid, 0.5% Tween 20), 6 µl of 25 mM MgCl 2 and 2 µl of P1 primer solution (15 µM). The final volume of the reaction mixture was 100 µl. Amplification was performed in 35 cycles of the following three steps: denaturation step for 45 sec at 94°C; annealing step for 1 min at 60°C; extension step for 1 min at 72°C. The denaturation step in the first cycle was prolonged to 2 min. The extension step in the last cycle was prolonged to 7 min.
Analysis of PCR products
PCR products were directly analysed by agarose gel electrophoresis (2% agarose gel in Tris-borate-ethylenediaminetetraacetic acid [TBE] buffer for 30 min at 5 V/cm) with a 100 bp DNA ladder as a marker. The DNA was stained with ethidium bromide solution and visualised under 300 nm ultra-violet (UV) light (17) . The specificity of the amplified products was verified by dot blot hybridisation of the PCR products immobilised on a membrane, with a digoxygenin-labelled probe. The probe was prepared by random primer labelling of the DNA of pEMBL18(+) plasmid containing the DNA complementary to RNA of HCV Alfort strain, from the 5' end (11) . Labelling was performed using a digoxygenin DNA labelling kit, exactly in accordance with the instructions of the manufacturer. Hybridisation was performed as described below. PCR products were denatured at 98°C for 10 min, then rapidly cooled in an ice bath and loaded into the membrane. DNA was then immobilised on the membrane by UV irradiation and hybridised with a probe. All procedures (prehybridisation, hybridisation and visualisation of hybridised dots) were performed using a digoxygenin DNA detection kit, exactly in accordance with the instructions of the manufacturer.
RESULTS
The titres of ten field isolates propagated on PK 15 cells differed significantly from each other and ranged between 10 3.5 and 10 7.8 TCID 50 (50 % tissue culture infective dose) per ml. Equal volumes (25 ml) of cell-culture medium of each isolate were processed and used for RT-PCR.
Enzymatic amplification of both the RNA extracts and crude viral precipitates of ten field isolates, followed by analysis of RT-PCR products by agarose gel electrophoresis and ethidium bromide staining, revealed (in both instances) bands at the position of fragments of the predicted size, i.e. 300 bp. Variations in the intensity of bands in ethidium bromide-stained gels between the amplified fragments did not correlate with the titre of the virus strain; the exact reason for this phenomenon is not clear. To define the sensitivity of the RT-PCR reaction, ten-fold serial dilutions of the titrated HCV Brescia strain were performed and processed as above. The lowest detectable amount of virus was 1 TCID 50 . Control experiments, performed on PK15 and MDBK cell lines not infected with viruses, did not result in specific amplification. No visible product bands were observed in an agarose gel after electrophoresis of the RT-PCR product (Fig. la) . There was no hybridisation with the DNA probe, although the digoxygeninlabelled DNA probe hybridised to all the RT-PCR products obtained with RNA extracts or crude precipitates, thus confirming the specificity of the assay (Fig. lb) . 
FiG.l
The stability of viral genomes was evaluated during long-term storage in freezers. While the authors were able to amplify samples of precipitated virions stored at -20°C within one year, they could not amplify purified RNA stored at -70°C for one month.
CONCLUSION
The major advantage of the method described above is the application of the crude viral precipitate as a substrate for RT-PCR reaction. The RNA of the virus contained in the precipitate is capsidated and is thus better protected against enzymatic and chemical degradation during handling and prolonged storage. The stability of the precipitated viral preparations enables the analysed samples to be stored for a long time and then used when necessary, e.g. in comparative studies.
The application of the rTth DNA polymerase -which is also able to reverse transcribe RNA templates -simplified the RT-PCR procedure, as both reactions were performed in one tube without cumbersome manipulations. The high temperature (70°C) required for rTth DNA polymerase activity enhanced the denaturation of the viral proteins and RNA, promoting more efficient synthesis of complementary DNA through the secondary RNA structure of pestivirus RNA (11) . An additional advantage of performing RT at elevated temperature is the inhibition of nuclease activity.
It should be emphasised that the crude viral precipitate, although prepared in a very easy and simple way, appeared to be an adequate template for enzymatic amplification and completely bypassed the need for RNA extraction. Further studies are necessary to investigate whether a similar approach would be useful in preparing suitable templates from organs of slaughtered animals. At present, this approach seems applicable to analytical studies in veterinary virology. PALABRAS CLAVE: ADN rTth polimerasa -Pestivirus -Reacción en cadena de la polimerasa -Transcripción inversa -Virus de la diarrea viral bovina -Virus de la peste porcina clásica. * * *
